Abstract-A complex morphological description based on a wide range of somatic features (30 characteristics) is presented for two modern indigenous ethnic groups of Indonesia: Minahasans (N = 93) and Sangirese (N = 76). These groups have not yet been extensively described in scientific publications from the standpoint of physical anthropology. To collect the data used in the research, the authors organized an anthropological expedition to the islands of Indonesia, Sulawesi, and Sangir. The examination program included the assessment of skin and iris pigmentation, estimation of hair shape and color, and measurements of body and limbs. It was shown that the Minahasans had a more sturdy build than the Sangirese by most morphological characteristics and typological features. The body proportions of the Minahasans and Sangirese were compared with the corresponding parameters in representatives of other Mongoloid and Equatorial populations of Asia, Oceania, and Australia using multidimensional statistical methods. It was concluded that the Sangirese were the closest to the Equatorial anthropological type by body characteristics among the studied Mongoloid groups of Southeast Asia.
INTRODUCTION
Indonesia is one of the most attractive regions of the world for the anthropological and ethnographic study. However, the huge number of islands, their inaccessibility, hot climate, tropical diseases, and other factors have made the organization of research in this area a very difficult and sometimes even impossible process. In this connection, the Indonesian population still remains little studied. In the scientific literature, there are few publications dedicated to the anthropological study of the inhabitants of the islands of Indonesia [1] [2] [3] [4] [5] , in which ethnic-cultural features are predominantly described [1, 4] , and the anthropological characteristic looks like a brief essay that gives only a vague idea about the outward appearance and race identity of the studied groups [3, 5] . Morphological data for the indigenous population for the Sulawesi and Sangir Islands, which were collected for a wide range of classic indicators that describe different body characteristics, are not presented in the anthropological literature, which was the reason for an anthropological expedition to the region with a view to comprehensively studying the somatic features of the modern population in Indonesia. Two ethnic groups of indigenous inhabitants of the Sulawesi and Sangir Islands were chosen as an object of the study (the Minahasans and Sangirese).
The Minahasans (Minahasans, Minahasa, Minahassa) belong to the South-Asian anthropological type and are the largest ethnic group of the North Sulawesi. They live mainly in the province of Minahasa with the administrative center in the city of Manado. Their language belongs to the Philippine group of the Austronesian languages and includes eight dialects that correspond to the division into subethnoses [4] . Their main occupation is agriculture; animal breeding and fishing are developed; rice with spices, pork, and fruit are prevalent in the nutrition. The Sangirese (Sangirese, Sangihe) also (like the Minahasans) belong to the South-Asian subgroup and speak the dialects of the Sangir and Talaud languages of the Austronesian language family; they are mainly engaged in fishing and manual farming [4] .
MATERIALS AND METHODS
In order to study the anthropological features of the modern population in Indonesia, the authors organized and conducted an anthropological expedition to the Sulawesi and Sangir Islands (July-August 2014), which resulted in collecting unique materials of morphological measurements for 169 people (93 Minahasans and 76 Sangirese) aged 16-78 years. The major part of the anthropological data on the Minahasans was collected in the village of Savangan as well as in some other villages in the vicinity of the administrative center of North Sulawesi (the city of Manado the vicinity of the administrative center of the island of Sangir (the city of Tahuna). All participants in the survey were offered a questionnaire in the Indonesian language in order to select the participants who identified themselves with the studied ethnic groups, spoke one of the languages that belong to these ethnoses, and had been living in this area for three or more generations.
To evaluate skin color, the authors used the F.R. fon Lushan scale (36 reference samples of skin tints made of opal glass), which was applied to the least tanned skin area of a subject-the inner side of the upper arm. Five groups were distinguished according to the intensity of skin color: very light (nos. 1-9), light (nos. [10] [11] [12] [13] [14] , medium-colored (nos. 15-18), dark (nos. 19-23), and very dark (nos. 24-36). Tints 1 and 36 do not occur in humans. To determine hair color, the authors used the E. Fischer and K. Zaller scale that consists of 40 standards of different hair tints. Hair shape was determined by the scheme of Ya.Ya. Roginskii and M.G. Levin (straight, wavy, curly, spiral, etc.). Eye color variants were described on the V.V. Bynak scale that consists of 12 standard variants of iris pigmentation, which are combined into three main types (dark, mixed, and light).
The morphological measurements were all made according to standard anthropometric methods. The program of the survey included the total body size (body length and weight), skeletal dimensions (length of the trunk, arm, leg; shoulders and pelvis width; diameter of the elbow, wrist, knee, and ankle), circumference of the body and limbs (chest, waist, hips, upper arm, forearm, hip, and shank), and thickness of six fat folds (under the shoulder blade, on the belly, on the back of the upper arm, on the forearm, on the outer surface of the hip and on the shank). The compressive strength of the right and left hands was measured using a dynamometer. Somatotypes were identified in all the examined persons according to the descriptive constitutional schemes of Bunak (for men) and Galant (for women). At the stage of statistical processing of the material, the individual values of the typological body characteristics were calculated according to V.E. Deryabin's scheme [6] : the total size of the skeleton, body proportions (the ratio of the leg length to the trunk length, the ratio of the shoulder width to the body length), and indices of muscle development and fat deposition.
One-dimensional variance analysis was used to check the reliability of inter-group differences of the morphological traits. All the morphological traits that were analyzed in the article are unimodal and have a normal distribution, which allows the use of Student's t-test. The check by the Leveny test showed the homoscedasticity of the values of the morphological traits in the examined samples. The χ 2 test was used in comparing the distribution of different skin tints in the groups of the Minahasans and Sangirese. To compare the body characteristics of the studied groups with the published data on other populations, the authors used the cluster analysis and built bivariant correlation graphs.
RESULTS AND DISCUSSION
The distribution of different skin colors (on the Lushan scale) in the examined Minahasans and Sangirese is shown in Fig. 1 . Tints 10-14 that belong to the light skin type and as a whole account for 81% in the Minahasans and 74% in the Sangirese are the most widespread in both groups. In 13% of the Minahasans and 24% of the Sangirese, the skin has a mediumintense pigmentation (15) (16) (17) (18) . The results of the comparative analysis of the distribution of the skin color variants in the two groups suggest that the Minahasans have a lighter skin than the Sangirese (t = 1.86; p < 0.05). Figure 1 clearly shows the displacement of the smoothing distribution curve of the skin color variants in the Minahasans towards light-colored tints. Checking the homogeneity of the distribution laws yielded the value of the χ 2 test in the two samples (23.81; p < 0.01) that indicates the statistical significance of differences in the distribution of the skin color variants in the studied groups.
According to the results of the anthropological survey, it was found that hair color in the Minahasans and Sangirese belongs to type Y (black) on the E. Fischer and K. Zaller scale. In both groups, the straight hair form is the most frequent (97% in the Minahasans and 78% in the Sangirese). All the examined Sangirese and 99% of the Minahasans were noted to have dark tints of iris pigmentation (the dark color type on the V.V. Bunak scale).
The table shows the average values of the main anthropometric characteristics for the studied groups of the Minahasans and Sangirese (the data are presented only for men, because women samples are few in number). All body sizes are greater in the Minahasans than in the Sangirese, indicating a larger build (macrosomal type) in this group of the studied persons. A comparative analysis of the typological characteristics that were obtained by V.E. Deryabin's method showed significant inter-group differences for the parameters of the transverse development of the body and total size of muscles (see the table). The Minahasans are characterized by higher values of both parameters, i.e., the Minahasans have a wider build and a better-developed muscular component of build than the Sangirese. Similar results were obtained when comparing the frequency of occurrence of different somatotypes: the muscular type is more common in the Minahasans than in the Sangirese that predominantly have the thoracal body type that is characterized by a more gracile skeleton, weak development of muscles and fat deposition (the frequency of occurrence of the thoracal somatotype is 52% in the Sangirese and 27% in the Minahasans, p < 0.05).
The next stage of the study involved the comparison of the morphological characteristics in the Minahasans and Sangirese with the somatic features of other populations (according to the published data)-for the most part, the Mongoloid and Equatorial groups of Asia, Oceania, and Australia [7] [8] [9] [10] [11] [12] [13] [14] . The most informative somatic parameters for the ethnic characteristics of the groups are the body proportions: the ratio between the trunk length and leg length, arm length and leg length, shoulders width and pelvis Values of the main anthropometric characteristics of the examined Minahasans and Sangirese (the data are presented for men) M is the arithmetic mean; Me is the median; S is the mean square deviation; * reliable inter-group distinctions (*р < 0.05, **p < 0.01, ***p < 0.001). width, length of the distal section and length of the proximal section of the extremities (e.g., the ratio between the forearm length and upper arm length, shank length and hip length).
In order to study the morphological proximity of the groups of the Minahasans and Sangirese with other populations of Asia and Oceania, as well as to determine the degree of the differentiation of the populations by the body characteristics, we made the cluster analysis, the results of which are illustrated in Fig. 2 . Among the most informative parameters that describe the body proportions, three indices were selected: the ratio of the leg length to the trunk length, ratio of the arm length to the leg length, and ratio of the shoulders width to the pelvis width (Fig. 2a) . As expected, the clustering of the matrix of Euclidean distances for the body characteristics (the body proportions) by the Word method resulted in distinguishing two clusters: the northern and southern Mongoloids. The group of the investigated Minahasans proved to be the closest to the Malays of Borneo (Kalimantan). In the next steps of clustering, they were joined by two groups of the Dayaks: the Melanau and Ibans of the Borneo Island (the sea Dayaks), Sangirese of the Sangir Island, and land Dayaks of the Borneo Island. The proximity of the above-mentioned groups is in all probability due to the geographical location of the islands: the Sulawesi is separated from Borneo by the not very wide Macassar Strait. Since the Euclidean distances between the selected clusters are very insignificant, the listed South-Asian groups are characterized by the common morphological characteristics.
In Fig. 2a , which illustrates the results of the clustering of the anthropological data, the groups of the Eskimos, Yakuts, and Seminoles (the North American Indians) were distinguished according to the body proportions into a separate branch that corresponds to the northern populations.
The results of the cluster analysis for two morphological parameters (the ratio of the trunk length to the Fig. 3 . Bivariant correlation graphs: (a) the X-axis is the ratio of the trunk length to the leg length, and the Y-axis is the ratio of the shoulders width to the pelvis width [9] [10] ; (b) the X-axis is the body mass index, and the Y-axis is the ratio of the trunk length to the leg length [9] [10] [11] [12] . The arrows mark the authors' data. leg length and ratio of the arm length to the leg length) are shown in Fig. 2b . As in the cluster analysis, whose results are shown in Fig. 2a , the groups were all divided by the south-north vector, forming two large clusters: the southern and northern populations. The Sangirese and Minahasans proved to be the closest to each other.
The bivariant correlation graphs were built to obtain more detailed information about the body characteristics in representatives of different populations (Fig. 3) . According to the "trunk length/leg length" and "shoulders width/pelvis width" indices, the populations were divided into northern and southern, just like according to the results of the cluster analysis (Fig. 3a) . The Sangirese (to a greater extent) and Minahasans tend to the minimum values of the indices on the X-axis and maximum values on the Y-axis, i.e., they are characterized by the greatest indices of the relative leg length ("trunk length/leg length") and shoulders width ("shoulders width/pelvis width") among the represented groups.
The division of the populations into three groups is well marked according to the body mass index and ratio of the trunk length to the leg length (Fig. 3b) . The Australian aborigines proved to be the most gracile (the least sturdy build with the minimum body mass index) and most long-legged (the morphological data for all groups except for the Sangirese and Minahasans that were studied by the authors were taken from the literature [7] [8] [9] [10] [11] [12] [13] [14] ). In spite of the very complex relationships between the anthropological characteristics and geographical conditions of living of the populations [15] , there is a clear differentiation of the groups in the south-north direction (Fig. 3b , the X-axis), which agrees with the Allen rule stating that there is a relative increase in the sizes of the prominent parts of the body in a hot climate [16] . The Sangirese and Minahasans proved to be close to the Taiwanese and Koreans in the index of the relative leg length. The Minahasans have the highest body mass index compared with other populations, i.e., they are characterized by the largest build. It is interesting to note that the Sangirese were very similar in both indices (the body mass index and ratio of the trunk length to the leg length) to the Equatorial anthropological type (the Rembarranga, Australia) (Fig. 3b) .
Thus, the results of the study showed that the Minahasans were more macrosomic than the Sangirese in the majority of morphological traits and typological body characteristics. The comparison of the somatic characteristics of the Minahasans and Sangirese with the morphologic features in other Mongoloid and Equatorial populations of Asia, Australia, and Oceania showed the greatest similarity of the investigated populations to the population of Borneo Island. According to the body characteristics, the Sangirese are the closest to Equatorial anthropological type among the studied Mongoloid groups of Southeast Asia.
